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ABSTRACT
We report on the spectroscopic detection of supernova SN 2010ma associated with the long
gamma-ray burst GRB 101219B. We observed the optical counterpart of the GRB on three nights
with the X-shooter spectrograph at the VLT. From weak absorption lines, we measure a redshift
of z = 0.55. The first epoch UV–near-infrared afterglow spectrum, taken 11.6 hr after the burst,
is well fit by a power law consistent with the slope of the X-ray spectrum. The second and
third epoch spectra (obtained 16.4 and 36.7 days after the burst), however, display clear bumps
closely resembling those of the broad-lined type-Ic SN 1998bw if placed at z = 0.55. Apart
from demonstrating that spectroscopic SN signatures can be observed for GRBs at these large
distances, our discovery makes a step forward in establishing a general connection between GRBs
and SNe. In fact, unlike most previous unambiguous GRB-associated SNe, GRB 101219B has
a large gamma-ray energy (Eiso = 4.2 × 10
51 erg), a bright afterglow, and obeys the “Amati”
relation, thus being fully consistent with the cosmological population of GRBs.
Subject headings: Supernovae: individual: SN2010ma, Gamma-ray burst: individual: GRB 101219B,
Gamma-ray burst: general.
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1. Introduction
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verse, long-duration gamma-ray bursts (GRBs,
T90 > 2 s; Kouveliotou et al. 1993) and core-
collapse supernovae (SNe), has been established
(e.g., Woosley & Bloom 2006).
The first SN associated with a GRB was re-
ported by Galama et al. (1998), who found the
extremely luminous SN 1998bw to be associ-
ated with GRB 980425. Subsequently, several
other GRB–SNe were found, and a few of these
have also been spectroscopically confirmed, most
prominently GRB 030329 (Hjorth et al. 2003;
Stanek et al. 2003), GRB 031203 (Malesani et al.
2004), GRB 060218 (Pian et al. 2006; Sollerman et al.
2006), and GRB 100316D (Starling et al. 2011;
Bufano et al. 2011; Chornock et al. 2010; Cano et al.
2011). All these SNe are broad-lined type Ic;
they lack lines from hydrogen and helium in their
spectra and have broader lines than typical core-
collapse SNe.
Most of these spectroscopic SN-associated
GRBs are low-luminosity GRBs for which the
emitted energies in the γ-ray band are in the
range 1048–1050 erg (e.g., Amati et al. 2007;
Nysewander et al. 2009), which is 2–4 orders of
magnitude smaller than for typical GRBs detected
at larger distances. They also had comparably
fainter or undetected optical and X-ray after-
glows, and did not always obey the Epeak–Eiso
correlation (Amati et al. 2007). The only well-
known exception is GRB 030329 at z = 0.167.
It is therefore crucial to test whether the SN-
GRB connection holds in general for high-redshift,
high-luminosity GRBs. To date, evidence in this
direction is provided by the photometric detection
of SN-like bumps in the late-time light curves of
several GRBs (e.g., Zeh et al. 2004; Fynbo et al.
2004; Tanvir et al. 2010; Cano et al. 2011). Spec-
troscopy was also obtained in a few cases (e.g.,
Garnavich et al. 2003; Della Valle et al. 2003,
2006, 2008), although the contamination from the
host galaxy and the faintness of the targets makes
it difficult to reach firm conclusions in some of
these cases.
GRB 101219B was detected by the Swift Burst
Alert Telescope (BAT) on 2010 December 19 at
16:27:53 UT. Its afterglow was promptly detected
by Swift both in the X-ray and UV/optical bands
(Gelbord et al. 2010a). The GRB was observed
to have a duration of T90 = 34 ± 4 s in the 15–
150 keV band (Cummings et al. 2010). It was
also observed by Fermi/GBM, where a duration of
T90 = 51± 2 s was determined in the 10–1000 keV
band (van der Horst et al. 2010). The spectrum
of the prompt emission as measured by GBM is
well fitted by the Band model with a peak energy
at 70 ± 8 keV. The fluence measured by GBM is
(5.5± 0.4)× 10−6 erg cm−2 (10–1000 keV). Given
a redshift of 0.55 (see § 3.1), this corresponds to
an isotropic equivalent energy Eiso = 4.2 × 10
51
erg.
In this Letter we report on the spectrosopic de-
tection of a SN associated with GRB 101219B. In
§ 2 we describe our observations, in § 3 we present
the redshift measurement and the detection of the
SN. Finally, in § 4 we offer a discussion of how this
GRB-SN fits in our current understanding of the
GRB-SN connection.
For the cosmological calculations we assume a
ΛCDM-universe with h0 = 0.71, Ωm = 0.27, and
ΩΛ = 0.73.
2. Observations and data reduction
We observed the afterglow of GRB 101219B us-
ing the X-shooter spectrograph (D’Odorico et al.
2006; Vernet et al. 2010) mounted at UT2 of the
ESO-VLT on Cerro Paranal. X-shooter is an
echelle spectrograph with three arms covering the
full spectral range from the atmospheric cut-off
around 3000 A˚ to the K band (24,800 A˚).
An overview of the observations is given in Ta-
ble 1. For the UVB, VIS and NIR arms, slit-
widths of 1.′′0, 0.′′9, and 0.′′9, respectively, were
used. The binning was 1 × 2 in all UVB and
VIS exposures, and NIR-exposures were unbinned.
The slit was always aligned along the parallactic
angle, and the instrument has an atmospheric dis-
persion corrector for the UVB and VIS arms.
We processed the spectra using the X-shooter
data reduction pipeline (Goldoni et al. 2006;
Modigliani et al. 2010) version 1.2.2. The pipeline
performs all the standard reductions required to
obtain flux calibrated echelle spectra.
All three spectra were corrected for Galactic ex-
tinction using RV = 3.1 and the prescription from
Cardelli et al. (1989) with E(B − V ) = 0.02 mag
(Schlegel et al. 1998). The spectra were reduced
in staring mode and flux-calibrated using observa-
tions of the spectrophotometric standard star LTT
3218 (Hamuy et al. 1993). We performed photom-
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Table 1: Overview of the X-shooter observations. The R-band magnitudes were derived from the acquisition
images.
Epoch 1 Epoch 2 Epoch 3
Mean time (UT) 2010 Dec 20.17 2011 Jan 5.09 2011 Jan 25.55
Time since GRB 11.6 hr 16.4 days 36.9 days
Exposure time (s) 4800 7200 7200
Seeing (′′) 0.93–1.11 0.78–0.85 0.89–0.97
Airmass 1.56–2.60 1.19–1.99 1.43–2.11
R magnitude 19.8± 0.2 22.7± 0.2 > 22.7
etry of the transient on the R-band acquisition
images of X-shooter (Table 1). Although our pho-
tometry could be calibrated only relative to two
faint USNO stars, our results are fully consistent
with nearly simultaneous measurements obtained
by GROND (Olivares et al. 2010). We therefore
decided to scale our spectra in order to match
the GROND photometry. A relatively large cor-
rection (a factor of 2.0) was needed for the first-
epoch spectrum, probably due to the high airmass
of the observartion. The second spectrum was also
scaled to the GROND photometry (Olivares et al.
2011), but only a small correction (5%) was nec-
essary.
For the third epoch, we compared our spectrum
with late-time ugri imaging secured by us with the
Gemini South telescope equipped with GMOS on
Jan 29 (u) and on Jan 30 (gri), about 40 days
after the BAT trigger. The flux in the spectrum
matches well our photometric measurements.
3. Results
3.1. Redshift measurement
The first epoch spectrum is characterized by a
power-law spectral shape typical for GRB after-
glows. Only weak absorption lines are present,
which makes it difficult to firmly determine the
spectroscopic redshift. We tentatively reported
a redshift of z = 0.5519 (de Ugarte Postigo et al.
2011) mainly based on the Mg ii 2796, 2803 A˚ dou-
blet. We do not detect significant absorption at
the positions of the Fe ii lines at 2382.76, 2586.65
and 2600.17 A˚, but these are located in noisier
parts of the spectrum. There is also a feature con-
sistent with Mg i 2853 A˚ at this redshift.
We have remeasured the redshift from the
fully calibrated spectrum and find z = 0.55185±
0.00005. To quantify the robustness of this de-
tection we created a mean absorption profile by
stacking the positions of the three Mg lines as-
suming a redshift of z = 0.55185. The resulting
mean profile is shown in velocity space in Fig. 1.
There is indeed a fairly clear signal in the mean
profile assuming this redshift. The formal signif-
icance of the stacked line is ∼ 7σ. The two later
epochs contain insufficient flux to significantly im-
prove on this estimate. We note that the redshift
is consistent with the limit of z < 1.5 reported
from Swift-UVOT detections in the UVW2 filter
(Kuin et al. 2011).
3.2. The first epoch afterglow
Our first epoch afterglow spectrum is well fit-
ted using a simple power-law (Fν ∝ ν
−β , i.e.
Fλ ∝ λ
β−2). Using the UV – optical range, we find
βopt = 0.92 (Fig. 2), with systematic errors from
the wavelength-dependence of the slit-loss around
10% indicated by the shaded area in the figure.
The observed slope is consistent with the X-ray
power-law slope measured by the Swift X-Ray
Telescope (XRT), βX = 0.88 ± 0.09 (Evans et al.
2009).
Also shown in Fig. 2 are the nearly simul-
taneous measurements from GROND and those
from Swift-UVOT, (Kuin et al. 2010; Kuin, pri-
vate communication). A temporal decay Fλ ∝ t
−1
is adopted to correct for the (small) time differ-
ence.
From the X-ray and optical fluxes, we calcu-
late the broad-band spectral index (βOX) (see
Jakobsson et al. 2004). We find βOX = 1.02±0.10,
where the error arises from the uncertainty in the
spectral index reported in the XRT spectrum and
from the choice of the two wavelength points.
The fact that βX, βopt and βOX are identical
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within their uncertainties shows that not only the
slopes, but also the normalizations of the optical
and X-ray spectra are consistent, hence both com-
ponents belong to the same power-law segment.
This also indicates that little dust can be present
along the line of sight (see § 3.4).
3.3. Detection of a supernova
In Fig. 3, spectra from all the three epochs are
shown together with the first epoch power-law fit.
GRB afterglows have power-law spectra, which is
seen in the first epoch (as highlighted in Fig. 2).
This is clearly not what we observe at later times;
in the second epoch spectrum there is a prominent
bump at 7800 A˚ and an increase in flux from 5000
to 5500 A˚. The third-epoch spectrum also reveals
a bump at ∼8400 A˚.
We have overplotted on the second epoch spec-
trum a combination of the fading power-law after-
glow (∼ 20 times dimmer than in the first epoch)
and the spectrum from SN 1998bw (8 day past
explosion and corrected for Galactic extinction;
Patat et al. 2001) redshifted to z = 0.55185. We
scaled the flux of SN 1998bw by a factor of 1.4 to
match our observations from 5000 to 8000 A˚. This
reproduces fairly well both the bump and the flux
increase. Epoch 2 corresponds to 10.6 days in the
rest frame of the burst, for which the SN 1998bw
spectrum at 8 days is the closest available match
with sufficient wavelength coverage. We note that
SN 1998bw brightened by about 0.3 mag between
8 and 10.6 days (Galama et al. 1998), hence the
flux level is consistent between the two events.
For the third epoch we overplotted a spec-
trum of SN 1998bw at an epoch of 23 days af-
ter the burst in the rest frame. This spectrum
of SN 1998bw was chosen to best match the
rest-frame epoch for our spectral observations of
GRB 101219B and moved to z = 0.55185 with
no additional flux scaling. The data are again
consistent with the presence of a SN similar to
SN 1998bw, although the possible contribution
from residual afterglow and from the host galaxy
(see § 3.4) limit the scope of this comparison.
We emphasize that in making these compar-
isons we have made very few assumptions and used
few free parameters. The redshift was fixed to
that measured from the absorption lines and the
afterglow spectral slope is consistent with the X-
ray slope. The SN 1998bw spectra were chosen
for epochs dictated by our observations. We at-
tribute the bluest part of the second epoch spec-
trum to the optical afterglow, since the SN is un-
likely to contribute substantially in this regime
(due to UV line blanketing, see e.g.; Mazzali et al.
2003). The afterglow is thus 21 ± 1 times fainter
than in the first epoch. The only free parameter in
the comparison with the epoch 2 spectrum is that
we scaled the spectrum of SN 1998bw up by 40%
(consistent with the time evolution of SN 1998bw).
The only plausible explanation for the nice
match is that an energetic SN was indeed as-
sociated with GRB 101219B. We note that
Olivares et al. (2011), using GROND, reported
photometric evidence for a SN component in
their light curves of GRB 101219B with an es-
timated redshift of z ≈ 0.4–0.7. Following our
discovery, the IAU dubbed this event SN 2010ma
(Sparre et al. 2011).
3.4. Dust extinction and host galaxy con-
tinuum
The fact that our power-law fit agrees with
the first epoch spectrum all the way out to the
bluest end, and even extrapolates into the UVOT
and XRT regimes (Fig. 2), demonstrates that this
GRB suffered from negligible extinction. Adding
an SMC-like dust extinction when fitting the af-
terglow did not improve the fit. To put an up-
per limit to the V -band absorption AV , we fit-
ted the normalization and the spectral slope to
a model, where AV was fixed to 0.1 mag. In
the UVB part of our spectrum this model gave
a worse fit than the dust-free fit, and it also did
not match the UVOT points, so we conclude that
AV < 0.1 mag. The lack of excess X-ray absorp-
tion (Gelbord et al. 2010b) and the weakness of
the absorption features (§ 3.5) are consistent with
a tenuous host galaxy medium.
From the Gemini images obtained on Jan 29
and Jan 30 we infer the following limits and mea-
surements of the source: u > 24.5, g = 24.1± 0.2,
r = 23.7±0.2, and i = 23.8±0.2. This corresponds
to a monochromatic flux of about 9 × 10−19 erg
cm−2 s−1 A˚−1 in the r band, consistent with the
third epoch spectrum. It is not clear if this corre-
sponds to the host galaxy alone or whether there
is some contribution from the afterglow or the SN.
To test how much such a contribution could affect
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Fig. 1.— The mean velocity profile for the first
epoch spectrum, for three Mg absorption lines de-
tected at 4339.6, 4350.7, and 4427.5 A˚ assuming a
redshift of z = 0.55185. Each line was converted
to rest frame vacuum wavelength zero velocity be-
fore stacking.
Fig. 2.— The first epoch spectrum, which was
taken 11.6 hr after the burst, fitted with a power-
law. Also shown are fluxes from imaging with
GROND, Swift-UVOT, and our own acquisition
image. The GROND-fluxes were used to fix the
normalization of our spectrum. Regions domi-
nated by atmospheric features and instrumental
artifacts are excluded from the plot and from the
fit. In the fit we excluded the NIR (λ > 11, 000 A˚),
due to a possible systematic error in the offset be-
tween the flux-calibrated spectra in the VIS and
in the NIR.
the luminosity of the SN in the second epoch, we
assumed as an upper limit that the host galaxy
has a wavelength-independent flux corresponding
to what is measured in the third epoch spectrum.
To this value we added a faded afterglow and a
contribution from SN 1998bw. In this way, the
SN would be 30% fainter than assuming no host
contamination. The host galaxy is thus unlikely
to affect the conclusion that a luminous SN com-
ponent is dominating our epoch 2 spectrum.
We have also searched the spectra for the
strongest host galaxy emission lines. Unfor-
tunately, at z = 0.55185 [O ii] λ3727 and
Hα fall in the transition regions between the
UVB/VIS and VIS/NIR arms, respectively. How-
ever, [O iii] λ5007 is located in a clear part of the
spectrum. To derive an upper limit on the line
flux we added artificial emission lines of increas-
ing strength to the data, until the line was easily
detectable. For [O iii] λ5007 we find that an emis-
sion line of 3 × 10−17 erg s−1 cm−2 would have
been detected. At the redshift of the burst this
corresponds to a luminosity of L[O iii] = 4 × 10
40
erg s−1. While this limit is not unprecedented
(for example, the host galaxy of GRB 030329 has
L[O iii] = 3 × 10
40 erg s−1; Hjorth et al. 2003),
this value lies at the lower end of the distribution
(Savaglio et al. 2009), consistent with a faint host
galaxy.
3.5. Mg absorption in the host galaxy
Table 2 displays the equivalent widths of the
absorption features in the first epoch spectrum.
Mg II λ2796 is stronger than Mg II λ2803 and
their ratio (1.37 ± 0.37) is consistent with the
average value (1.16 ± 0.03) of the composite
spectrum presented by Christensen et al. (2011).
These lines are weaker than the ones of the typ-
ical GRB spectrum, but similar or even weaker
cases have been seen before (e.g., GRB 050922C:
Piranomonte et al. 2008; GRB 070125: Fynbo et al.
2009). The detection limits of iron lines are con-
sistent with the weak magnesium features.
4. Discussion
In this paper we report on our detection of the
spectral signature of a SN, SN 2010ma, in the fad-
ing afterglow spectrum of GRB 101219B.
The redshift was measured to be z = 0.55185
5
based on our detections of weak Mg II absorption
lines in the first epoch spectrum. At this redshift,
a SN similar to SN 1998bw can well match our sec-
ond epoch spectrum. The broad spectral features
indicate high velocities in the expanding ejecta,
whereas a normal SN Ib/c clearly does not match
the observations. A SN interpretation is consis-
tent with the drop at ∼ 5000 A˚ being due to UV
blanketing in the SN spectra, where the UV part
is instead dominated by the blue afterglow com-
ponent. The host galaxy appears to be relatively
faint, which likely contributed to obtain a clean
signal from the supernova. There is little room for
host galaxy extinction.
The GRB itself is clearly of long duration and
has, at the measured redshift, an isotropic equiv-
alent energy of 4.2 × 1051 erg. It has a bright
afterglow with a standard light curve, and obeys
the Ep–Eiso (“Amati”) relation (Amati et al.
2007). It is thus fully representative of the high-
luminosity, routinely observed high-redshift pop-
ulation of GRBs, for which we now can provide a
robust, spectroscopic association with a SN.
Since 4 out of the 5 previously unambiguously
spectroscopically confirmed SN–GRBs were in fact
rather low luminosity bursts with unusual after-
glows and spectral properties, there have been sug-
gestions in the literature (e.g., Kaneko et al. 2007)
that the GRB–SN association is only proven for
the local universe. Our new association favours a
GRB-SN connection also for the main population
of cosmological GRBs. This confirms previous
observations of photometric bumps and tentative
spectroscopic SN detections for distant bursts.
In the recent compilation by Hjorth & Bloom
(2011), the evidence for the SN association of GRB
101219B was graded just after the five ‘ironclad’
cases mentioned in § 1. The fact that we were able
Table 2: Equivalent widths for the absorption fea-
tures in the first epoch spectrum, both in the ob-
server and rest frames. Limits are at 3σ.
Feature EWobs (A˚) EWrest (A˚)
Fe II λ2586 <0.96 <0.62
Fe II λ2600 <0.90 <0.58
Mg II λ2796 1.34±0.25 0.86±0.16
Mg II λ2803 0.98±0.20 0.63±0.13
Mg I λ2852 0.89±0.18 0.57±0.12
to see the SN component emerge over three epochs
with the same instrumentation leaves little room
for confusion by afterglow or host galaxy emission
— also thanks to the faintness of the host. The X-
shooter spectrograph will with no doubt continue
to contribute to this area of research.
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Fig. 3.— Three epochs of spectral observations. The second epoch is compared with a faded afterglow
component and the flux from SN 1998bw (8 days after the explosion), multiplied by 1.4. In the third epoch
the contributions from the faded afterglow and possible host galaxies are ignored, and the observations are
compared to SN 1998bw alone. The flux of the first epoch has been divided by 6 for presentation purposes.
The NIR spectra are not shown, because of their low signal-to-noise ratio in the second and the third epoch.
Regions dominated by atmospheric and instrumental features are removed from the plot. The spectra are
rebinned to a resolution of 0.8 A˚.
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